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I. Publications 

Origin of the Canyon Diablo No. 2 and No. 3 Meteorites. D. 

Heymann. Nature 4961, 819-820 (1964). 

Orgueil Meteorite: Organic Nitrogen Contents. R .  Hayatsu. 

Science, - 146, 3649, 1291-1293 (1964). 

Contaminated Meteorite. E. Anders, E. DuFresne, R .  Hayatsu, 

A. DuFresne, A. Cavaille, F. Fitch. Science, - 146, 3648, 1157- 

1161 (1964). 

Search for Optical Activity in The Orgueil Meteorite. R .  Hayatsu. 

Submitted to Nature, December, 1964, 12 pages. 

11. Work in Progress 

1. Canyon Diablo Meteorite 

D. Heymann and B. Nielsen 

This paper has been completed and is ready for  typing. The abstract 

f 0 1 lows : 

"In an attempt to reconstruct the history of the surviving Canyon 

Diablo fragments, we have studied 56 specimens by metallography and 

mass spectrometry, and 5 others by metallography only. Of these, 5 came 

f rom the rim of the crater, and 36 from the plains. Fifteen contained 

diamonds. 

"On the basis of metallographically observable reheating effects, 

the samples were classified into strongly, moderately, and lightly shocked 

categories, corresponding to shock pressures of 2800kb, 130 - 800kb, and 

<130kb. The division among these categories was as follows: plains: 0 

- -~ ~- ~~ -~ 

*Preprints were submitted with the previous progress report. 
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15, and 85%; r i m :  7 4 ,  26,  and 0%; d iamond-bear ing:  6 7 ,  3 3 ,  and 0%. 

T h i s  b e a r s  o u t  e a r l i e r  o b s e r v a t i o n s  by N i n i n g e r  and t h e  a u t h o r s  t h a t  

r i m  (and d iamond-bear ing)  spec imens  t e n d  t o  be much more s t r o n g l y  re- 

h e a t e d  t h a n  a r e  p l a i n s  spec imens .  

"To d e t e r m i n e  t h e  o r i g i n a l  d e p t h  i n  t h e  m e t e o r o i d  f rom which  t h e  
3 s p e c i m e n s  came, w e  measured t h e i r  H e  c o n t e n t .  The v a l u e s  v a r y  by a 

f a c t o r  o f  10 , r a n g i n g  from ~ 0 . 0 3  x t o  294 x ccSTP/g H e  . 
A p p a r e n t l y  t h e  g r e a t  m a j o r i t y  of s amples  come f rom t h e  o u t e r m o s t  t w o  

meters o f  t h e  m e t e o r o i d .  The re  a p p e a r s  t o  be  a d i s t i n c t  g r a d i n g  o f  

s h o c k  e f f e c t s  w i t h  d e p t h :  t h e  mean d e p t h  o f  t h e  l i g h t l y  shocked  s p e c -  

imens is 7 2  c m ,  whereas  t h a t  o f  t h e  m o d e r a t e l y  and s t r o n g l y  shocked  

s p e c i m e n s  is 127 c m .  Diamond-bearing and r i m  spec imens  a l s o  come f rom 

g r e a t e r  mean d e p t h s :  116 and 1 2 1  cm, i n  c o n t r a s t  t o  p l a i n s  s p e c i m e n s  

( 8 1  cm).  The m o d e r a t e l y - t o - s t r o n g l y  shocked  s p e c i m e n s ,  a s  w e l l  a s  

t h e  m e t a l l i c  s p h e r u l e s  r e s u l t i n g  from t h e  v a p o r i z a t i o n  o f  t h e  

meteorite, show a marked l o c a l i z a t i o n  NE and S E  o f  t h e  c r a t e r .  The 

t h r o w o u t  p a t t e r n  for shocked  m a t e r i a l  seems t o  have been  h i g h l y  d i r e c -  

t i o n a l ,  a s  i n  t h e  c a s e  o f  l u n a r  r a y s .  

4 3 

"Measurements  of H e ,  N e ,  and Ar i n  4 o f  t h e  most g a s - r i c h  s a m p l e s  

gave  a cosmic - ray  a g e  o f  940 m.y .  f o r  2 ,  540 m . y .  f o r  7 ,  and 170  m.y. 

f o r  5 s a m p l e s .  A p p a r e n t l y  t h e  Canyon D i a b l o  object  o r i g i n a t e d  i n  a 

b r e a k u p  940  m.y. a g o ,  and s u f f e r e d  t w o  s e c o n d a r y  c o l l i s i o n s  i n  s p a c e  

540 and 170 m.y. ago . "  

2 .  M e t e o r i t e  Ages.  
D.  Heymann, A .  F r i s ,  and L .  Lev in .  

The move t o  o u r  new l o w - l e v e l  c o u n t i n g  l a b o r a t o r y  i n a c t i v a t e d  o u r  
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c o u n t e r s  f o r  s e v e r a l  months,  but n e a r l y  a l l  o f  them a r e  back i n  

o p e r a t i o n  a g a i n .  Dur ing  t h e  shutdown, w e  made many s m a l l  t e c h n i c a l  

improvements t o  t h e  i n s t r u m e n t s ,  

Good p r o g r e s s  is b e i n g  made on t h e  d a t i n g  o f  shocked  h y p e r s t h e n e  

c h o n d r i t e s .  Twenty-one m e t e o r i t e s  have been measured t h u s  f a r .  To 

e s t a b l i s h  t h e  d a t e  of t h e  shock  e v e n t  w i t h  g r e a t e s t  p r e c i s i o n ,  w e  a r e  

a t t e m p t i n g  age  d e t e r m i n a t i o n s  on s e p a r a t e d  m i n e r a l s .  We a r e  a l s o  

measu r ing  t h e  uranium c o n t e n t  of most m e t e o r i t e s .  

A ser ies  o f  measurements  on 14 a m p h o t e r i c  c h o n d r i t e s  h a s  been 

comple t ed ,  and a p a p e r  is i n  t h e  f i n a l  stages o f  p r e p a r a t i o n .  The 

a b s t r a c t  f o 1 lows : 

"Cosmogenic and r a d i o g e n i c  r a r e  g a s e s  were measured by mass- 

s p e c t r o m e t r y  i n  1 4  a m p h o t e r i t e s  i n  a n  a t t e m p t  t o  compare t h e i r  r a d i a t i o n  

a g e s  and g a s - r e t e n t i o n  a g e s  t o  t h o s e  of o r d i n a r y  c h o n d r i t e s .  The cosmic  

r a y  e x p o s u r e  a g e s  o f  a m p h o t e r i t e s  v a r y  from 0.9 - 58 m.y. 

"Four  a m p h o t e r i t e s  had Ar4 '  c o n t e n t s  s i g n i f i c a n t l y  d i f f e r e n t  from 

Ar4 '  c o n t e n t s  r e p o r t e d  by o t h e r s .  

s y s t e m a t i c  and ref lect ,  p e r h a p s ,  a non-uniform K c o n t e n t .  

However, t h e  v a r i a t i o n s  a r e  n o t  

"The m e t e o r i t e s  Appley Br idge ,  Hamlet ,  and Soko-Banja have  t h e  

same f a l l  d a t e ,  November 13, b u t  v e r y  d i f f e r e n t  e x p o s u r e  a g e s  of 1, 31, 

and 55 m.y.,  i n d i c a t i n g  t h a t  t h e y  were n o t  p a r t  of a m e t e o r i t e  swarm 

or s t r e a m .  

"On a c o r r e l a t i o n  p l o t  o f  r a d i a t i o n  a g e  v s .  g a s - r e n t e n t i o n  a g e ,  the 

a m p h o t e r i t e s  were l o c a t e d  i n  a n  a r e a  o f  t h e i r  own. Although two o f  t h e  

meteorites had U, Th-He a g e s  a s  s h o r t  a s  1 b . y . ,  most o t h e r s  were indeed  
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q u i t e  o l d .  S e v e n t y - f o u r  p e r c e n t  have a g e s  g r e a t e r  t h a n  3 .0  b . y . ,  

w h e r e a s  o n l y  20% of  t h e  h y p e r s t h e n e  c h o n d r i t e s  have  a g e s  above  t h i s  

l i m i t .  P e r h a p s  a m a j o r i t y  o f  t h e  a m p h o t e r i t e s  were o u t g a s s e d  3-4 b .y .  

a g o  and e s c a p e d  t h e  r e h e a t i n g  e p i s o d e  which  h y p e r s t h e n e  c h o n d r i t e s  

s u f f e r e d  l a t e  i n  t h e i r  h i s t o r y . "  

3 .  Meteorites and As te ro ids  

To d e t e r m i n e  whether  s t o n y  meteorites a re  of  a s t e r o i d a l  or l u n a r  

o r i g i n ,  T i s s e r a n d ' s  c r i t e r i o n  was a p p l i e d  t o  t h e  o r b i t s  o f  15 meteor- 

i t e s  and non-cometary f i r e b a l l s ,  8 C g o l l o  a s t e r o i d s ,  and 34 Mars 

a s t e r o i d s .  The d a t a  p o i n t  d e c i s i v e l y  t o  a l i n k  be tween meteori tes ,  

A p o l l o  a s t e r o i d s ,  and Mars a s t e r o i d s ,  and s p e a k  s t r o n g l y  a g a i n s t  a l u n a r  

o r i g i n .  

An a t t e m p t  was made t o  r e c o n s t r u c t  t h e  o r i g i n a l  s i ze  d i s t r i b u t i o n  

i n  t h e  a s t e r o i d  b e l t ,  and t o  e s t i m a t e  t h e  r a t e s  of b r e a k u p  and d i s -  

p e r s a l .  Again ,  a m a n u s c r i p t  h a s  been c o m p l e t e d .  The a b s t r a c t  f o l l o w s :  

"The magn i tude  d i s t r i b u t i o n  of a s t e r o i d s  be tween 2 . 0  and 2 . 6  a . u .  

resembles a G a u s s i a n  c u r v e  a t  lower  m a g n i t u d e s  (= l a r g e r  d i a m e t e r s ) ,  

g r a d i n g  i n t o  a l o g a r i t h m i c  c u r v e  a t  h i g h e r  m a g n i t u d e s .  When t h e  

a s t e r o i d s  b e l o n g i n g  t o  Hirayama f a m i l i e s  a r e  r e a s s e m b l e d  i n t o  t h e i r  

p a r e n t  a s t e r o i d s ,  t h e  G a u s s i a n  p o r t i o n  is enhanced  a t  t h e  e x p e n s e  o f  

t h e  l o g a r i t h m i c  one .  If t h i s  o p e r a t i o n  is r e p e a t e d  once  ( t o  a l l o w  f o r  

d i s p e r s e d  and u n r e c o g n i z e d  f a m i l i e s ) ,  t h e  l o g a r i t h m i c  b r a n c h  d i s a p p e a r s  

e n t i r e l y ,  l e a v i n g  what  may be t h e  o r i g i n a l ,  G a u s s i a n  d i s t r i b u t i o n .  

"The f o l l o w i n g  c o n c l u s i o n s  can  be  drawn f rom a compar i son  o f  t h e  

p r e s e n t  d i s t r i b u t i o n  be tween 2.15 and 2 . 6  a . u .  w i t h  t h e  ' o r i g i n a l '  
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The c o l l i s i o n  h a l f - l i f e  o f  a s t e r o i d s ,  for a 

l o s s  o f  o n e - h a l f  t h e i r  o r i g i n a l  mass ,  is 6 . M .  

The c r o s s - s e c t i o n a l  a r e a  of  a l l  a s t e r o i d s  

b r i g h t e r  t h a n  g = 1 4  h a s  i n c r e a s e d  by o n l y  6% 

d u r i n g  t h e  l a s t  4.5A. 

The a v e r a g e  c r u s h i n g  s t r e n g t h  o f  a s t e r o i d s  

seems t o  be abou t  2 x l o 8  dynes/cm . 
The h a l f l i f e  for d i s p e r s a l  o r  d e s t r u c t i o n  o f  

Hirayama f a m i l i e s  is 2 2 . N .  

2 

"The o r i g i n a l  magn i tudes  of  13 r e c o n s t i t u t e d  Hirayama f a m i l i e s  

r a n g e  f r o m  g = 7 . 4  t o  g = 1 0 . 1 .  One o f  t h e  f o u r  f a m i l i e s  c r o s s i n g  t h e  

o r b i t  o f  Mars seems t o  have  o r i g i n a t e d  i n  a c o l l i s i o n  400 m.y. ago ."  

4 .  Organ ic  M a t t e r  i n  
Carbonaceous  C h o n d r i t e s  

R .  Hayatsu .  

The p u r p o r t e d  o p t i c a l  a c t i v i t y  i n  O r g u e i l  was n o t  c o n f i r m e d  ( p r e -  

p r i n t  N o .  4 ) .  S y n t h e s i s  of  o r g a n i c  compounds by UV i r r a d i a t i o n  is 

b e i n g  s t u d i e d .  

5. Diamonds i n  Meteorites 
B. N i e l s e n .  

We h a v e  f i n a l l y  o b t a i n e d  a p o r t i o n  of t h e  Canyon D i a b l o  spec imen  

a l l e g e d  t o  c o n t a i n  d iamonds ,  b u t  no s h o c k  e f f e c t s  ( N . L .  C a r t e r  and 
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r l f  
G. C .  Kennedy, J .  Geophys.  Res. 69,  2403, 1964) .  We found ample - 
e v i d e n c e  of shock  i n  t h e  600-1000kb r a n g e .  B e s i d e s ,  t h e  l ldiamonds' l  

t u r n e d  o u t  t o  be ch romic  o x i d e .  


